A quantitative description of Bohr's effect can be made from the oxygen dissociation curves of hemoglobin at different pHs, and the dissociation constants of the 02-linked acidic group of Hb (KR) and Hb02 (Ku) have been calculated as, respectively, 1.29 1O and 3.42 10-i at37#{176}.
'THE oxygen dissociation curve of hemoglobin is certainly one of the most representative elements in the description of the respiratory function of the blood and, for this reason, it has been extensively studied. Its mathematical analysis, however, is made difficult because of the many factors that affect the fundamental reaction of combination of oxygen with hemoglobin:
1. The combination of fib with oxygen is not a simple bimolecular reaction, but the resultant of four successive reactions, as pointed out in 1923 by Adair (2) . Hemoglobin exists in blood as a tetrapolymer (fib4) and a combination of 02 with each fib unit must be a four-step reaction.
The combination
of Hb with 02 is facilitated by the dissociation of a particular, so-called, 0.,-linked acidic group. in alkaline solution, this is dissociated and oxygen has more affinity for fib. This increased affinity of fib for 0., in an alkaline medium nuay be described as a higher tendency to dissociation of such an acidic group when Hb binds with 02. This is the well-known Bohr effect, described in 1904. 3. The affinity of fib for 09 does not change only as a function of pH, but also as a function of CO2 in solution. Margaria and Green reported in i933 that CO0 decreases the affinity of Hb for 02, iiidependently of any chaisge of the pH or ionic strength of the solutions. This effect is due, in part at least, to the fos-mation of a carbamino compound that is known to take place at high pH values.
4. The affinity of fib for 02 is decu-eased when electrolytes other than NaCl, such as phosphate and lactate, are present in solution.
3. i)iffem-ent gases, such as CO,which combine with fib, may be present and, even when in small amounts, interfere substantially with the coml)illation of fib with 02. Besides these, other factors, geuuei-ally easier to control, such as temperature, ionic strength, dilution of fib, may affect the shape of the oxygen dissociation cui-ve of hemoglobin. To i-each a better understanding of the reaction of the l)inding of 02 to Hi), the number of variables that may affect such a reaction must he reduced as far as possible;
only then may a quantitative treatment amid an accurate description of the phenomenon be possible. The factors indicated in Paragraphs 3, 4, and 5 above do not come into play if the hemoglobin solutions used am-c pure and the only electrolyte is NaC1, and these ai-e equilibi-ated with mixtures of oxygen and nitrogen absolutely free of other gases. By knowilig the P09 amid pH of the solution, for a given saturation value of HI) such as in the experiments described in Fig. 1 and KR are giveul in Table 1 .
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Fig. 2 (right).
Log P09 as a function of pH for S 0.01, 0.02, 0.05, 0.08, 0.09, as from data of Fig. 1 . From Margaria et ci. (15) . (3, 6) , and the other based on the effect of pH on the shift of the dissociation curve for CO (15) value.
Previous results obtained at our laboratory in 1955 (12, 13) seemed to lead to the conclusion that, at very low or at very high saturation values, the acidity due to oxygenation was higher than at intermediate values.
However, we later showed such an increase to be only apparent (is).
The data given here confirm that the Bohr effect is the same at all saturation values of hemoglobin with oxygen.
Bohr Effect
it is clear that the Bohr effect, as described fi-om Equation 12 or, better, from Equations 13 and 16, is quantitatively defined whemi K0 and K are known.
From Equation 16 and from the data given in Table 1 , Fig. 4 is made on all the data on which the three curves of : 
4K4P02
or, taking into account also the second deoxygenation reaction: and Milla's (23) data at pH 7.4 are reported in Table 2 .
When these values are substituted in Equation 23 , three functions, whose graphs approach most satisfactorily the experimental curves, are obtained. Table 3 . 
The values of the first three constants, as calculated and given in Table 2 , are approximately in the ratio indicated in Table 3 . This is evidence that the affinity for oxygen is the same for the first three hemes. This conclusion was reached on all the data tested, as reported in Table 2 .
The same finding has been obtained also on Roughton's data (11) on sheep hemoglobin in absence of CO2 at pH 7.1. The value of the fourth constant, on the contrary, is approximately 125 times that expected from the data in Table 3 . This seems to indicate that the oxygenation of the last heme is facilitated by the presence of three molecules of 02 in the other three hemes-i.e., that there is interaction limited to the fourth 02 binding. If there is no interaction, the values of the four constants as calculated, divided by the coefficient indicated in Table 3 , should give the same value. Table 4 shows that this is the case only for the first three constants.
The average K obtained for these is also given. Table  3 from experimental data of Dill (2).
Prom Margaria et at. (20 and to obtain a satisfactory answer to the problem of interaction of the first three hemes. Roughtoii's later (11) , more accurate data seem to favor the hypothesis of a heme-heme interaction even in the first three oxygenation processes.
The pH of his fib solutions however was very high, and this method for the calculation of all four constants simultaneously may not 1)e appropriate.
A separate calculation of the single constants, as described in this paper, may give more consistent results.
The Equilibrium Constants for Reactions 19-22
The data obtained by Milla (23) K001' = K0., (34) K5+ [II] for which, [fi+] being known, K02 is calculated.
Definition of the Hb02 Dissociation Curve from the P02 Value at Semisaturation
Giving to K the value 0.0133, which is the mean obtained from Lamhei-tsen's (10), Dill's (22) , and Milla's (23) , data at pH 7. (20) . K blood, the value of K is defined if, for any given S value, P02 is known.
The nomograrn of Fig. 8 was calculated so as to give directly the value of K for any P02 value at half saturation.
The effects of different factors (temperature, pH, P00 etc.) on the oxygen dissociation curve can therefore be expressed simply as a variation of K, and thus they are more susceptible to a quantitative approach.
The Bohr Effect as Described by a Variation of the Constant K of Equation 33
According to the data existing in the literature, in a reasonable range of pH (5-8. 5 1.29 )< 10-8 The change is 6-fold for a pH shift from 6.4 to 8.0.
Effect of the Affinity Increase of the Fourth Oxygenation Reaction
The effect of the increase of the affinity of the fourth oxygen molecule for the fib on the 02 dissociation curve is evident from the curves (18) , which was characterized by a very low oxygen saturation at the normal arterial oxygen tension of the blood. The author came to the conclusion that,while the Bohr effect was of normal magnitude, "probably no heme-heme interaction" took place in this hemoglobin molecule. The experimental data obtained by Reissmann et at. in vivo have been plotted in Fig. 9 .
They fit remarkably well with the curve as calculated on the assumption of no interaction between the hemes, thus confirming the pathogenetic mechanism advanced by the authors. From these, the fractions of each component are easily calculated, and the values given graphically (Fig. 10) . The great increase in Fig. 10 
Fractional Representation of the Different Hb Compounds

